This study aims to identify predictive factors related to clinical outcome, reoperation, and complications in patients with brain abscess.
Introduction
Brain abscess is a severe and life-threatening intracranial infectious disease occurring in 0.4% to 0.9% of 1000 people worldwide. [1, 2] According to previous studies, the fatality rate has decreased from 40% to 10% over the past 5 decades because of the development of new neurosurgical techniques, modern neurosurgical imaging, better culturing methods, and better antimicrobial regimens. However there are still a considerable number of patients left with severe neurosurgical sequelae. [3] Prognostic factors of brain abscess differ across previous studies. A study reported by Larsen et al showed that decreased Glasgow coma scale (GCS) at admission and presence of comorbidity were associated with poor outcome, while a study from China found that female gender was related to poor outcome. [2, 4] The use of excision by craniotomy has declined, and currently the preferential method is aspiration. [2, 5, 6] While the choice of surgical method was still a debated subject. Zhang et al reported that excision and aspiration presented no significant difference in terms of clinical outcome and surgical complication, [4] and a study published in BMC Infectious Diseases found no significant difference in reoperation between the 2 procedures. [2] However, Sarmast et al found lower rate of reoperation (P = .024) in the excision group than that of the aspiration group, and a report from Turkey found that patients who underwent excision were more likely to develop seizures. [7] This retrospective study is based on our experience with brain abscess diagnosed at 1 hospital over a 10-year period. The demographics data, predisposing factors, clinical characteristics, radiology findings, microbial findings, treatment, complications and clinical outcome of brain abscess were recorded, and we analyzed these variables to identify predictive factors of clinical outcome, reoperation, and complications.
Materials and methods

Patient series
We retrospectively reviewed patients diagnosed with brain abscess at the Second Affiliated Hospital of Zhejiang University School of Medicine between January 2008 and January 2018. Patients were identified through ICD-10 discharge codes. Demographic data, GCS at admission, predisposing factors, clinical manifestation, lesion location, ventricular proximity, size of lesion, microbial findings, white blood cell count, radiological findings, treatment strategies, complication, reoperation, length of hospital stay and GOS at discharge were collected from the electronic hospital data. Five patients were lost to follow-up, complete follow-up for the remaining patients was routinely conducted at 1 year after discharge by telephone interview. Inclusion criteria were characteristic computed tomography (CT)/magnetic resonance imaging (MRI) findings and evidence of brain abscess (postoperative pathological examination and/or appropriate microbiological specimens (pus, cerebro spinal fluid, or blood)) or characteristic CT/MRI findings, a clinical history, and treatment response compatible with brain abscess in patients with negative microbial findings. Patients were excluded from the study if, 1. the diagnosis of brain abscess was not clear, 2. the abscess was epidural or subdural, 3. the patient required to transfer to another hospital for treatment, 4. radiological information was not available, 5. the patients had severe disease in other systems that affected their daily life or 6. the patient was lost to follow-up.
All patients were initially treated with intravenous antibiotics once the diagnosis of brain abscess was suspected. Surgery was recommended in cases where abscesses >2.5 cm, there were signs of cerebral hernia, the abscess had ventricular proximity, or the abscess was located in an eloquent area with poor response to medical treatment. Aspiration was the preferential method of surgery, especially for abscesses located in deep or eloquent areas or for patients who could not tolerate OCE. In our study, burr hole aspiration was performed in 51 patients and 33 patients received stereotactically guided aspiration. Factors dictating the use of OCE included abscesses located in superficial non-eloquent areas, initial suspect of neoplasm, choice of patient, abscesses warranting a craniotomy, or individual surgeon preference. Aspiration would be repeated when little to no reduction in the size of the abscess was seen after the first aspiration despite combination with antibiotic therapy. Patients who had either inaccessible or multiple abscesses were recommended for conservative treatment first.
Medical treatment
Treatment in culture positive patients was guided by drug sensitivity tests. Ninety two patients received antibiotics before surgery. The use of antibiotics varied greatly. The empirical antimicrobial therapy of a combination of glycopeptide and carbapenem was used in 68 patients. One hundred forty five patients were treated with 2 or more different antibiotic regimens.
Fifty two patients upgraded antibiotics during their hospitalization. Seizure prophylaxis or antiepileptic drugs were given in patients who underwent surgery during their hospitalization or who presented with seizure at admission.
Surgery approach
In our study, 84 patients were treated by aspiration, 72 patients underwent OCE and 27 patients were treated with antibiotics only. Seven patients with abscess size larger than 2.5 cm rejected the choice of surgery but they were recovered at discharge. Continuous monitoring of clinical status and brain imaging were performed in patients who were treated conservatively. All but 1 of the 27 non-surgical patients had recovered well (GOS ≥ 4) during the follow-up period.
Statistical analysis
Categorical variables were compared using the Chi-Squared test or Fisher exact test. Continuous variables within these groups were compared using an independent t test or nonparametric test. Logistic regression was used to detect predictive factors. Receiver operating characteristic (ROC) analyses were performed to evaluate the efficiency of predictive factors. All statistical analyses were conducted using SPSS v25.0, and P < .05 was considered statistically significant. Written approval for this study was obtained from the ethics committee of Zhejiang university school of medicine.
Results
During the 10-year period, 183 patients who met the standard were included in this study.
Demographics
The median age was 52 years (range, 3-81 years) and there were 131 (71.6%) males and 52 (28.4%) females (ratio 2.5:1) with an age distribution as shown in supplementary Fig. 1 , http://links. lww.com/MD/D340.
Symptoms and signs
Fever was the most common presenting symptom followed by headache, limb weakness, and vomiting ( Table 1 ). Classic triad of brain abscess (headache, fever, and focal neurological deficits) was observed in 27 patients.
Comorbidities and predisposing factors
Comorbidities were present in 24.6% of the patients (Table 1) . No patient was found to be affected with human immunodeficiency virus. Predisposing factors and numbers for each group are shown in Supplementary Fig. 2 , http://links.lww.com/MD/D340.
Radiological findings
Most of our patients (138 patients) underwent MRI with contrast enhancement, 12 patients had diffusion weighted imaging (DWI) alone. Thirteen patients had CT scans alone due to rapidly developing condition with high risk of mortality. Magnetic resonance spectroscopy (9 patients) and DWI (77 patients) were performed when it was difficult to distinguish a brain abscess from other cystic lesions. For most of our patients, brain abscesses were identified by isointense-to-slightly hyperintense rim in T1-weighted images, hypointense in T2-weighted images, and rim enhancement in MRI with contrast or restricted diffusion in DWI. The most frequent lesion location was the frontal lobe (45.9%). Additionally, among lesions located in frontal lobe, 31 lesions were located exactly in motor area. Multiple (from 2 to 6) abscesses were observed in 16 patients. In our study, ventricular proximity meant that the localized wall of brain abscess was the boundary between abscess and ventricle, and we could see localized enhancement of the ventricular wall adjacent to the abscess in enhanced MRI or CT images. A total of 63 patients' lesions were categorized as ventricular proximity. The size of each brain abscess was represented by the maximum diameter, with an average measured 3.13 cm, Mid-line shift in CT/MRI at admission occurred in 135 patients, with a median size of 0.56 cm, ranging from 0.1 cm to 5.6 cm.
Microbial findings
By surgery, pus was available in 132 patients. Cerebrospinal fluid cultures were performed in all nonsurgical patients. Growth in culture from pus was positive in 34 patients. Cerebrospinal fluid cultures were positive in 2 of 33 patients. Four of 6 patients had positive blood cultures. Culture was not done in 20 surgical patients. Among nonsurgical patients, pathogenic microorganisms were found in only 2 patients. The most common species was Streptococcus. Multiple bacteria strains were observed in only 2 patients. Additionally, 11 patients had a negative pus culture but bacteria were seen by direct microscopy of a gramstained pus smear. Among these patients, 10 had gram-positive bacteria, 1 had gram-negative bacteria. Further, there was 1 patient whose pus culture was negative, but the postoperative pathology of the wall of brain abscess indicated that the causative pathogen was likely to be Mycobacterium tuberculosis. Details of microbial findings was shown in supplementary Table 4 , http:// links.lww.com/MD/D340.
Outcome, reoperation and complications
GOS 3 at discharge was observed in 41 patients (22.4%) at discharge and in 21 patients (11.5%). Mortality at discharge and 1 year after discharge were 4.9% (n = 9) and 6.0% (n = 11). The causes of death at discharge were cerebral hernia at admission in 3 patients, ventriculitis caused by abscess rupture into lateral ventricles after surgery in 2 patients, postoperative cerebral hernia after surgery in 2 patients, and postoperative intracranial hemorrhage in 2 patients. Another 2 patients who were in coma state at discharge died at 4 months after discharge and 6 months after discharge respectively. Reoperation was conducted in 10 patients. Aspiration was repeated in 9 patients, because the size of the abscess after the first aspiration did not change significantly despite combination with antibiotic therapy. One patient received an open craniotomy excision as the first surgical procedure but because the wall of the abscess was not resected totally due to ventricular proximity location, the patient subsequently received stereotactically guided aspiration.
Epilepsy was the most common complication, which occurred both in surgical patients and patients who received conservative treatment only. Seizure at admission occurred in 26 patients and 24 patients progressed to epilepsy during their follow-up (P < .001), while size and location of brain abscess were not found to be related to epilepsy during follow-up (Table 2) . Brain abscess refers to headache, fever, and focal neurological deficits. GCS = Glasgow coma scale.
Table 2
Comparison of clinical characteristics and measured variables between groups with and without epilepsy during follow-up. Complications in surgical patients was shown in Table 3 . Patients who underwent OCE tend to have a higher incidence of epilepsy and cerebral hernia than those underwent aspiration, but no significant difference was found between the 2 surgical methods in terms of post-operative epilepsy and cerebral hernia. Intracranial hemorrhage was observed in 9 patients, of whom 8 patients (8/72) were treated by OCE, 1 patient (1/84) underwent aspiration (P = .02).
Variables
Predictive factors
Univariate analysis and multivariate analysis were used to identify predictive factors that were associated with GOS at discharge (Supplementary, Table 3 , http://links.lww.com/ MD/D340). In univariate analysis, GCS at admission, headache, limb weakness, predisposing risk factors, location of abscess, ventricular proximity and middle shift were possible predictors associated with GOS at discharge. GCS at admission, ventricular proximity, predisposing risk factors, and mid-line shift were possible predictive factors related to GOS at 1 year after discharge. Surgical method was the only factor associated with reoperation, surgical method, and mid-line shift were possible factors related to complications in surgical patients. However, in multivariate analysis, GCS at admission (P = .007), headache (P = .03) ventricular proximity (P = .004), and motor area lesion location (P < .001) were associated with poor outcome (GOS 3) at discharge. GCS at admission (P = .007) and ventricular proximity (P = .001) were associated with poor outcome (GOS 3) at 1 year after discharge. Surgical method was related to reoperation (P = .045) and complications (P < .001).
ROC curves were performed to evaluate the efficiency of factors predicting clinical outcome, reoperation, and complications (Fig. 1) . The area under curve (AUC) for predictive factors of GOS at discharge, GOS at 1 year after discharge, reoperation and complication were 0.870 (95% CI 0.809-0.931, P = .008), 
Discussion
As patients with brain abscess are heterogeneous in terms of baseline characteristics, clinical outcome differs across previous studies. Mortality rate of brain abscess ranged from 9.8% to 25%, poor outcome (GOS 3) was reported from 21.6% to 38%. [2, 4, [7] [8] [9] [10] The mortality rate and the rate of poor outcome at 1 year discharge in the present study was 6% and 12%, respectively, lower than previous observations, which may be attributed to the following reasons. First, there were lower proportion of patients (25/183) presenting a GCS 12 at admission in our study. Besides, patients with severe disease in other systems that affected their daily life were excluded from our study. On the other hand, it is also an inspiration to us that the prognosis of brain abscess can be better when diagnosis is made "in time", and basic rules of management are applied. [11] It was noticed that a literature published in 2014 found that GCS at admission had no effect on clinical outcome, a result not compatible with our clinical experience and most previous observations. In our study, we again found that decreased GCS score at admission was an independent factor related to poor outcome. Intraventricular rupture of brain abscess was a strong predictor of poor outcome in previous studies. [2, 5] Further, signs of meningeal irritation and localized enhancement of the ventricular wall adjacent to the abscess (ventricular proximity as it was defined in our study) was a strong predictor of subsequent intraventricular rupture of brain abscess. [12] These factors could explain why ventricular proximity was associated with poor outcome our study, indicating that attention should be paid to abscesses adjacent to the ventricular wall. To prevent intraventricular rupture of brain abscess, surgery should be considered as a first line of treatment, especially when abscess has shown poor response to antibiotics. It has been well documented that brain abscess is a destructive lesion, the capsule of a brain abscess formed at the later stage after the necrotic center reaches its maximum size. [13] Lesions located in the motor area and edema surrounding the abscess often result in limb weakness. A subgroup analysis found a direct correlation between lesion located in motor area and limb weakness at discharge, which is important in determining GOS score at discharge. This could explain the finding that brain abscess located in motor area was associated with GOS at discharge. In our study, GOS 3 at discharge due to abscess located in motor area was observed in 20 patients (20/31) in all, 13 patients showed improvements in limb strength at 1 year after discharge and recovered (GOS ≥ 4). Therefore, abscesses located in motor area were not found to be related with GOS at 1 year after discharge, a result that may be related to edema subsiding and rehabilitation after surgery or conservative treatment. Thus, for abscesses located in motor area, the primary goal of treatment was to reduce the size of abscess and edema surrounding the abscess as quickly as possible. In patients with large abscesses and severe edema surrounding the abscess, aspiration may be the preferred choice if patients can tolerate surgery. Conservative treatment could be considered when patients showed good response to antibiotics and edema surrounding abscess was not obvious or patient could not tolerate surgery. An imaging severity index (ISI) score for brain abscess was first proposed by Demir et al and they found that imaging severity index score correlated strongly with patients' outcome for all parameters studied. [14] ISI was scored according to the following radiological features: number, location, and largest diameter of the abscesses, presence of surrounding edema, and presence of mid-line shift. In our study, only mid-line shift was not found to be related with GOS, implying that we should consider more characteristics of brain abscess in imaging findings to judge the prognosis of brain abscess. The AUC value for predictive factors of GOS at discharge was 0.870 and GOS at 1 year after discharge was 0.828, indicating that these predictive factors had significant value in judging the prognosis of patients with brain abscess. The choice of surgical method for brain abscess was still a debated subject. The mean mortality for aspiration post-1990 was 6.6% for publications with more than 5 patients. With surgical excision by craniotomy, the mean mortality in the same period was 12.7%. [6] Excision was found to be better than aspiration in terms of length of hospital stay and reoperation. [15] In our study, surgical method presented no significance in terms of clinical outcome and length of hospital stay, while aspiration was again found to be associated with reoperation. Additionally, we found that post-operative intracranial hemorrhage was more likely to occur in patients who underwent OCE (P = .021), this may explain the result that OCE was a risk factor of complication for brain abscess. Post-operative epilepsy was observed both in patients who underwent aspiration (14/72) and excision (22/84), but no significant difference was found between the 2 surgical procedures, in contrast to the result of a previous study. [7] Furthermore, excision of the abscess was also found to be superior to aspiration in terms of efficiency of surgical intervention, overall cost of treatment, length of hospital stay, and duration of antibiotic use, [15, 16] indicating that excision still retained a significant role in surgical treatment of brain abscess, especially in superficially located non-eloquent area. [17] According to ROC curve analyses, the AUC for predictive factors of complication and reoperation was 0.657 and 0.693, respectively, implying that surgical method had some predictive value in reoperation. However, surgical method may have limited value for assessing complications. A large sample prospective study is needed to confirm this result.
Patients in the conservative treatment group tended to have a more favorable outcome (26/27) compared with those in the surgical intervention group (136/156), though a subgroup analysis revealed no significant difference, indicating that conservative treatment could be considered if continuous monitoring of clinical signs and brain imaging showed improvement of patients' condition. Additionally, in the conservative treatment group, 7 patients with abscesses larger than 2.5 cm which was considered to be threshold value, were recovered at discharge, indicating that conservative treatment could be used in a wider range of patients, but a further prospective study is still needed to demonstrate it.
Complications of brain abscess in our study included those directly related to abscess (epilepsy was included) and those related to therapeutic method. This may explain why the overall complications rate (34.6%) of brain abscess in surgical patients in our study was higher than a previous report that only included surgical complications (epilepsy was not included). [7] Brain abscess was found to be a main risk factor for the development of post-infectious epilepsy in patients with central nervous infections. [18] The incidence of epilepsy following brain abscess differed across previous studies, ranging from 18.5% to 35.3%, [19] [20] [21] [22] all of these data were based on retrospective studies with various follow-up period. In our study, the incidence of epilepsy was 21.3% (39/183), in spite of a relatively long followup times. Of the 26 patients who presented seizures at admission, 24 patients progressed to epilepsy during follow-up period, thus seizure at admission was found to be a strong predictors of epilepsy following brain abscess (P < .001), a result in line with previous observations. [21, 22] However, sex, age, location, and volume of brain abscess were also discussed as possible predictive factors of epilepsy in previous reports. [19] [20] [21] Furthermore, Koszewski proposed that the capsule of brain abscess may not take part in the process of epileptic focus formation but probably to some reactions going on extracapsularly, which could explain why surgical method was not related to epilepsy, as was found in our study. [20] Koszewski also proposed a hypothesis that there is probably something like a minimal "critical mass" of brain tissue which must be affected by the inflammatory process in the same predisposed structural region of the brain at the same time, to begin the changes for forming an epileptic focus in future. However, among those with abscess size > 4 cm, epilepsy occurred only in 7 (7/34) patients while 33 (33/149) patients with epilepsy had an abscess size <4 cm in our study, therefore the size of brain abscess was not found to be related to epilepsy. Thus, we hypothesize that epilepsy could be affected by other factors rather than the size of abscess. Further research should be conducted to explain these controversial results and reveal the etiology and mechanism of epilepsy following brain abscess.
This study included a relatively large number of patients. Further, complete availability of detailed clinical characteristics, radiological information, microbial findings, management of patients, and clinical outcome was a strength in our study, making it possible to accurately identify predictive factors related to clinical outcome, epilepsy, reoperation, and complications. At the same time, there are some limitations. As a retrospective study in a single center, our findings may not be easily generalized to a wider population. Patients whose radiological information was unavailable were excluded, which resulted in selection bias in our study. Categories and duration of antibiotics used in our study differed greatly due to different period and neurosurgeons, experience, therefore it is difficult to analysis the relationship between antibiotics and clinical outcome. Although we have documented some radiological findings (location, size and middle line shift) of brain abscess, the extent of edema around brain abscess was not documented in our study, making it defective to explore the relationship between radiological findings and clinical outcome. A large-scale prospective multicenter study is needed to demonstrate wider reliability of these findings.
Conclusions
This retrospective study of 183 patients treated between 2008 and 2018 has shown that brain abscess still poses a threat to public health despite advances in surgical method, antibiotic regimens, and cranial imaging. GCS at admission and ventricular proximity were associated with poor outcome at 1 year after discharge. Patients who underwent aspiration tended to experience reoperation, while OCE was related to complications. Patients presenting seizure at admission were more likely to develop epilepsy. Patients who underwent OCE tended to experience postoperative intracranial hemorrhage.
